Abstract: The aim of the present study was to identify relations between occupational stress and occupational class in Japanese civil servants, using two occupational stress models-the EffortReward Imbalance (ERI) Model and the Job Demand-Control (JDC) Model. The subjects were employees of three local public organizations. We distributed self-administered questionnaires and assessed occupational stress by ERI and JDC. We used seven occupational categories based on the Standard Occupational Classification for Japan. The data of 6,423 male and 1,606 female subjects were analyzed by logistic regression analysis to obtain odds ratios (OR) for relations between occupational stress and occupational class. In JDC, male clerical workers, transport/communication workers and protective service workers showed a significantly higher OR of being in the high occupational stress group, compared to managers. In ERI, male professionals/technicians, transport/ communication workers, clerical workers and protective service workers showed a significantly higher prevalence OR, compared to managers, the two models giving different results. In ERI, female production workers/laborers and clerical workers had a significantly lower prevalence OR, compared to managers. The results of this study showed that occupational stress differed by occupational class and the two occupational stress models gave different results for occupational classes with high occupational stress.
Introduction
In the recent years, the impact of job-related stress on health has become a problem of great concern in Japan 1) . The Effort-Reward Imbalance (ERI) Model and the Job Demand-Control (JDC) Model have demonstrated relationships between occupational stress and physical and mental disorders [2] [3] [4] [5] . JDC is the most influential theoretical occupational stress model nowadays. It states that workers exposed to high job demands and low job control are at a risk to develop health problems 6) . ERI claims that imbalance between high efforts spent and low reward received elicits stress at work. Developed in the 90s, ERI has been drawing attention as a model that assesses simultaneously occupational environment and individual factors and gives a comprehensive picture of job-related stress 6, 7) . Numerous studies have reported relations of occupational stress due to effort-reward imbalance to coronary heart disease [8] [9] [10] , depression [11] [12] [13] and well-being 14) . Overcommitment, as an individual factor within effort-reward imbalance, is also considered to be possibly related to coronary heart disease 2, 10) and mental disorders 4) . Differences in health and illness by occupational class have been examined by several studies. A study of British civil servants reported low-grade occupations to be related to poor health, i.e. ischemic heart disease detected by electrocardiograms, chronic bronchitis symptoms, etc 15) . Another study examined citizens in seven European countries and found differences in morbidity by occupational class 16) . Previous studies of civil servants have shown that health conditions differed by employment grade [17] [18] [19] and there were significant grade-differences in life-style and annual health check-up data 17) . There have been a number of studies exploring relations of women's health to occupational stress and occupational class 18, 20, 21) . Sociopsychological environment is considered to be one of the factors that may cause differences in health conditions of workers by occupation, a number of studies having found connections between occupations and occupational stress 17, 20, 22) . The Whitehall II study in the United Kingdom has suggested that low-grade occupations are at high risk of exposure to low job control and low job demand 15) . The Swedish study by Peter et al. reported higher effort-reward imbalance in white-collar workers, compared to blue-collar workers 23) . The study also focused on overcommitment, reporting that the immersion levels in women and white-collar workers were higher than in their counterparts 23) . Research on occupational class and exposure to job stressors is limited in Japan. As a result of a study based on JDC, Kawakami et al. have found connections between nine occupational categories and job stressors among Japanese employed men and women, also reporting that low-grade occupations such as laborers and machine operators are highly exposed to low job control and high job strain 24) . Sekine et al. have reported that job stress differs according to employment grade, high grades being characterized by high job control and high job demands 19) . These results coincide with the findings of prospective studies in Europe 15) . The number of Japanese studies on occupational stress and occupational class based on ERI is still rather limited 25) . ERI and JDC are considered to assess occupational stress from different positions and to detect health risks independently of each other 26) . Therefore, it is essential to clarify relations between occupations and occupational stress using both ERI and JDC.
The objective of this study was to identify relations between occupational stress and occupational class in a large sample of Japanese civil servants, using both occupational stress models.
Subjects and Methods

Subjects and data collection
The subjects were employees of three local public organizations in Hokkaido aged 21 to 64 yr old. We distributed self-administered questionnaires to 23 
Occupational stress assessment
Occupational stress was assessed using the Job DemandControl Questionnaire (JDCQ) and the Effort-Reward Imbalance Questionnaire (ERIQ). The Japanese version of JDCQ consists of 5 questions on psychological demands and 6 questions on job control 27) . Each question has 4 frequency-based response categories ranging from "never" to "always". We calculated separately the scores for demand and control and then divided them into tertils to indicate low, medium, and high levels for each scale. After that, subjects who were assessed as low for control and high for demand were categorized as having high stress. In this study, scores for job control ranged from 6 to 20, with the score of 15 and less indicating low control. Scores for job demand ranged from 5 to 20, with the score of 13 and more indicating high job demand. Cronbach's alpha coefficients were 0.66 in males and 0.63 in females for job control, and 0.76 in males and 0.75 in females for job demand.
The Japanese version of ERIQ consists of 6 questions on efforts spent and 11 questions on rewards received 25, 28) . The subjects were asked to rate their jobs' severity from "not at all distressed" (1 point) to "very distressed" (4 points). We calculated the Effort-Reward ratio and defined the upper tertile as the high stress group. Overcommitment was rated using 6 questions. We defined the upper tertile of acquired scores as the high stress group. In this study, the EffortReward ratio ranged from 0.20 to 3.67, the ratio for the high stress group being 0.44 and higher. Scores for overcommitment ranged from 6 to 24, the high stress group scoring 14 and more.
In this study, Cronbach's alpha coefficients were 0.80 in males and 0.81 in females for effort, 0.83 in males and 0.82 in females for reward, and 0.77 in males and 0.78 in females for overcommitment. Scores of 5 job stress measures differed significantly in males and females (p<0.001). Scores of job demands and control had significant differences in male and female clerical workers (job demands: p<0.05, control: p<0.001). However scores of 3 measures of ERI model showed no gender difference. Scores of job stress measures in clerical workers had less gender differences than other occupational groups.
Classification of occupations
The subjects were asked to choose their jobs from the list of job names used in their work places. The answers were then classified based on the Standard Occupational Classification for Japan 29) . In this study, we employed seven occupation categories; managers (department directors, division directors, deputy division directors), professionals/ technicians (technicians, teachers, and hospital workers), clerical workers, protective service workers (firefighters), service workers (cooks at schools and hospitals), transportation/communication workers (drivers, conductors, and station attendants), production workers/laborers (maintenance workers, garbage collectors, and orderlies). Sales workers were excluded due to the small number of respondents (n=17). Two hundred seventeen part time workers were also excluded from the analyses. As a result, data from 6,423 male and 1,606 female subjects were analyzed.
Other covariates
Other covariates were age, marital status, educational attainment, and presence/absence of shift work. Marital status was divided into "married" and "unmarried". Educational attainment was divided into "high school or lower" and "higher than high school". Presence/ absence of shift work was divided into "yes" and "no".
Statistical analysis
All analyses were performed separately for males and females. First, the χ 2 test, or the Student's unpaired t test, was conducted to examine significant differences of baseline characteristics by gender. Second, logistic regression analysis was conducted to obtain odds ratios (OR) and 95% confidence intervals (95% CI) of each stress model for each occupational category before and after adjustment for potential confounders. Possible confounding factors included in the logistic-regression models as independent variables were age (continuous variable), marital status, educational attainment, presence or absence of shift work, and workplace. The estimated prevalence odd ratio of high job strain group and its 95% confidence intervals were calculated taking managers as a reference group. Third, the high stress group in ERI and the high stress group in JDC were combined, and the odd ratio of the combined ERI&JDC high stress group was calculated for each occupational class. Next, a correlation matrix was calculated to assess the independence (or interdependence) of the 5 job stress measures entering the analysis (Table 4) .
Male service workers, female protective service workers, and female transportation/communication workers were excluded from the analysis due to the small number of the subjects. Two-tailed values of less than 0.05 were considered statistically significant. All analyses were conducted using the SPSS software Version 12 for Windows.
Ethical approval
The Ethics Committee of Medicine for Hokkaido University, Japan, approved the recruitment, consent, and field procedures prior to the survey. Written consents were acquired from the subjects on explaining the purposes of this study.
Results
Information on characteristics of the subjects is presented in Table 1 . There were significant differences between males and females in age, marital status, educational attainment, and shift work (p<0.001).
In this study, scores of job stress in JDC, job demands and control were rather low in males and rather high in females, compared to previous studies of Japanese employees 5) . In ERI, effort and overcommitment were rather low, and reward was rather high, comparing to the previous research by Takaki et al. 30) . The subjects of this study whose Effort-Reward ratio was 1 and higher comprised 2.4% (males: 1.9%, females: 4.4%), the percentage being low compared to the results of the previous research of Japanese employees.
The relations between occupational class and occupational stress are presented in Table 2 for males and Table 3 for females. In JDC, male clerical workers, transport/ communication workers and protective service workers showed a significantly higher prevalence OR of being in the high occupational stress group, compared to managers. Female service workers had the highest OR of having high occupational stress.
In ERI, male professionals/technicians, transport/ communication workers, clerical workers and protective service workers showed a significantly higher prevalence OR of being in the high occupational stress group, compared to managers. Female production workers/laborers and clerical workers had a significantly high prevalence OR of having high occupational stress. In ERI, male professionals/ technicians, clerical workers and protective service workers showed a significantly higher prevalence OR of being in the high occupational stress group for overcommitment, compared to managers. Female production workers/laborers and service workers had a significantly high prevalence OR of being in the high occupational stress group for overcommitment. 
Discussion
This study was the first to examine relations between occupational stress and occupational class in a large sample of civil servants, using two occupational stress models (JDC and ERI). The analysis showed that the two models gave different results for occupational class with high stress levels.
Male managers showed a low prevalence OR of being in the high occupational stress group in JDC stress (high demands, low decision latitude), which coincides with the results by Kawakami et al. 24) . However, production workers/ laborers showed a lower prevalence OR of being in the high occupational stress group, compared to managers. Besides, male clerical workers had the highest prevalence OR. This differs from the results by Kawakami et al. 24) , that claimed that both male and female workers in low occupational grades had a higher OR for being in the high stress group in JDC. The difference in the results could be caused by the fact that the subjects of this study were civil servants. Production workers/laborers in public sector might have fewer stress factors related to mass production than the same jobs in private sector 31) . On the other hand, civil servants are now faced with stress factors related to changes in the quality and quantity of work and changes in human relations due to computerization. The administrative reform promoting efficiency increase has also generated numerous stress factors. All this might have resulted in the growing burden of clerical workers 32) . Male professionals/technicians did not show a significantly higher prevalence OR of being in the high occupational stress group in JDC, compared to managers, but had a significantly high prevalence OR in ERI. Different results given by ERI and JDC for professionals/technicians also need consideration. Among the 5 measures of job stress, there were high correlations between job demand and effort, which coincided with the results by Tsutsumi et al. 13) . On the other hand, rather weak correlations between job control and reward were found. In males, the combined ERI & JDC high stress group had higher OR for high stress as compared to the high stress groups in both models taken separately. The two models identify different aspects of job stress with independent health effects 33) . Niedhammer et al. 34) and Ota et al. 35) have reported that ERI and JDC play complementary roles in predicting health effects of psychological characteristics of a job. In this study as well, the two models showed different results for the relations between occupational stress and occupational class, which lets us suppose that the complementary use of both models can help in developing efficient stress measures.
In the case of overcommitment-an inherent factor within effort-reward imbalance-male professionals/technicians, clerical workers and protective service workers showed a significantly higher OR than that of managers. Overcommitment, considered to be an individual factor, has been reported to be higher among managers 25) and whitecollar workers 23) , compared to subordinates and blue-collar workers correspondently. In this study, male managers appeared not to have a significantly high level of overcommitment.
Next, it is necessary to discuss the relation of high stress to occupational categories in women. In JDC, no occupational class demonstrated a significantly higher prevalence OR of being in the high occupational stress group than that of managers. However, female service workers showed the highest, though not significant OR, which is close to the results by Kawakami et al. 24) . In ERI, female managers had the highest OR, showing a significant difference with production workers/laborers and clerical workers.
Female and male managers had different results, females showing a higher OR in ERI. In female managers, the job demands score in JDC and the effort score in ERI were rather high. Sekine et al. found that female employees of higher grade were exposed to higher job demands, compared to male employees. Besides, female employees of higher grade also worked long hours and had a high rate of work-to-family conflict 19) . In this study, the number of female subjects was smaller than that of male subjects, and they had different characteristics. However, our results demonstrated the existence of some kind of difference in the relations between occupational class and occupational stress by gender. This study showed that female managers were in the high stress group in ERI. Until recently, female managers in Japan have been an extremely small group and the problems of their health have drawn little attention. From now on this serious issue needs thorough examination.
A number of previous studies have examined stress factors typical for medical workers 36) , software industry workers 32) , clerical workers 37) , production workers 31) . Further research is necessary to examine specific factors that cause differences in occupational stress by occupational class. Development of effective interventional measures for stress reduction 36) in accordance with occupational class and gender differences, as well as the possibility of individual approach to the issue of overcommitment 7) also needs examination. Several limitations of this study must be discussed. First, we have to point out the problem of selection bias. The subjects of this study were the employees of public organizations. As public and private organizations have different environments, assessment and competition systems, etc., research of private organizations is also necessary. The study was limited to north Japan, and the characteristics of the region might have influenced the results.
Since the present study was cross-sectional, it is probable that workers with severe mental and/or physical health problems had left or moved to another workplace with lower stress. That could have led to the underestimation of occupational stress prevalence. The response rate of this study was rather low, with those who perceived much stress probably being unable to take part in the survey. On the other hand, those who perceived very low stress might have had no interest in the stress questionnaire. However, this study was conducted as part of a survey of lifestyle-related diseases prevention, so the subjects' attitude to occupational stress might have had little influence on their incentive to answer this questionnaire. We had difficulties comparing the characteristics of the respondents and non-respondents. Though we made efforts to reduce bias, the non-response bias was to some extent unavoidable. Thus the results of this study need to be interpreted carefully.
The subjects of the study were asked to choose their jobs from the list of job names used in their work places. Afterwards, the chosen jobs were classified into job categories according to the Standard Occupational Classification for Japan. Differential misclassification bias might occur at this stage. However, each workplace had a carefully subdivided job list, so the possibility of differential misclassification is considered to be low.
This study did not assess support by superiors and coworkers 4, 38) . However, this and other confounding variables that could have influenced the results must be also taken into consideration.
This research was based on a large sample of subjects. However, the number of male service workers, female protective service workers, and female transportation and communication workers was small. Another research based on a larger sample of subjects or focused on these occupational categories is necessary.
In this study, we classified the jobs of the subjects using the Standard Occupational Classification for Japan. The Standard Occupational Classification for Japan differs from the International Standard Classification of Occupations, which divides occupations into high-grade and low-grade according to the level of knowledge and skills each occupation demands. Considering these differences in classification standards, we should be very careful when comparing the results of this study to the results of the previous studies.
Conclusion
In this research, we identified relations between high stress indicated by two occupational stress models-JDC and ERI-and occupational class.
Male clerical workers, transport/communication workers and protective service workers showed a significantly higher prevalence OR of being in the high occupational stress group in JDC, compared to clerical workers. Male professionals/ technicians showed a significantly high prevalence OR in ERI, the two models giving different results. Female managers had the highest OR in ERI, the result being different from male managers.
There exists a wide range of occupational stress factors, which may as well differ by occupational class. For protection of mental health of workers, it is necessary to promote antistress policies developed with thorough understanding of occupational and gender differences.
